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Copyright © 2006 AHC We previously conducted basic research to quantify in situ hybridization (ISH) signals in rat
testes. In this experimental model, we selected ribosomal RNA (rRNA) as the hybridizable
RNA in paraffin sections, since it allowed us to easily analyze ISH signals expressed with
digoxygenin (DIG)-labeled probes quantitatively through “posterization” of the images. We
applied this method to analyze the quantification of transcript, PERF 15 mRNA. PERF 15 is
expressed specifically in the testes and localized in the rigid cytoskeletal structure of the
sperm head, and has been considered to be involved in the apoptotic process of spermato-
genic cells. Quantification of the signals may help to clarify the detailed function of PERF
15. We further analyzed the signals concomitant with a confocal laser scanning microscope.
The peak of PERF 15 mRNA expression was found in diplotene spermatocytes, and the
amount of PERF 15 mRNA was greatest in late pachytene and diplotene spermatocytes and
early spermatids, followed by early pachytene spermatocytes, and then late spermatids.
PERF 15 may be involved in the events leading to meiotic division, in which apoptosis is
also involved. The present study may help to determine the concentration of mRNA in tissue
sections.
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I. Introduction
We studied the gene expression of reactive oxygen spe-
cies (ROS)-related enzymes in the reproductive organs using
in situ hybridization (ISH) histochemistry and found that
hydroperoxide plays important roles in the function of male
and female reproductive organs [20, 21, 30]. We hypothe-
sized that the activities of ROS in the reproductive organs
were regulated during the estrous cycle and spermatogenesis
at the transcriptional level. We therefore tried to estimate the
amount of each transcript in certain cell types; however,
such estimates tended to be subjective. Next, we performed
basic research to quantify the ISH signals in rat testes [14],
a suitable organ for the quantification because germ cells
undergo synchronized development and show stage-specific
gene expression. In this experimental model, a well pre-
served segment of rRNA [39] was selected as the hybrid-
izable RNA in paraffin sections. Specimens fixed with
Bouin’s fixative and hybridized with DIG-labeled probes
could easily be analyzed quantitatively through “posteriza-
tion” of the images. The amount of rRNA hybridized with
the probe was greatest in the early primary spermatocytes,
followed by pachytene spermatocytes, then diplotene sper-
matocytes and finally secondary spermatocytes and sperma-
tids. The amounts reached low levels in the metaphase,
anaphase and telophase of meiotic division and early step 1
spermatids, and then slightly increased during spermiogene-
sis. ISH rRNA staining [39] was a useful parameter for eval-
uating the quantitative analysis of mRNA and the levels of
hybridizable RNA in tissue sections. In the present study, we
applied the method for quantifying the amount of rRNA to
the quantification of PERF 15 mRNA. PERF 15, a 15 kDa
protein found in the perforatorium of sperm heads [22–25],
is identified as a testis lipid-binding protein (TLBP) [32] that
is expressed specifically in rat testes although its detailedKogami et al. 184
physiological function remains unknown. To investigate the
function of PERF 15 in rat testes, we used quantitative
analysis of ISH signals. The signals were detected by both
the posterization method and fluorescence microscopy
using a tyramide signal amplification system.
II. Materials and Methods
All animal experiments were performed according to
the Guidelines for Animal Experiments of the Okayama
University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences. All reagents were of the highest
grade commercially available.
Tissue preparation
Adult male Wistar rats (Clea, Tokyo, Japan), eight
weeks old, 200–220 g, were anesthetized by an intraperito-
neal injection of pentobarbital (50 mg/kg). The testes were
then perfused with Bouin’s fixative and immersed in the
same fixative for more than 6 hr, dehydrated in ethanol, sub-
stituted with xylene, and embedded in paraffin. Paraffin sec-
tions (5 µm thick) were mounted on silane-coated slides
[31]. Serial sections were mounted on several sets of three
slides. The first slide was used for ISH using DIG-labeled
probes, the second for PAS staining and the third for ISH
using a Tyramide Signal Amplification kit, as described in
the Hybridization section. After the experiments, one set of
slides was analyzed for the quantification of signals.
Preparation of probes
To isolate the DNA fragments encoding PERF 15, RT-
PCR was carried out as described previously [15, 34]. Total
RNA was extracted from rat testes by the acid guanidium
thiocyanate-phenol-chloroform extraction method [2]. One
set of oligonucleotides (PERF 15-p1 and PERF 15-p2) was
used as primers. PERF 15-p1 had the sequence 5'-AGG-
GAACTGGGAGTGGAATGTGAAC-3', corresponding to
nucleotides 83–107 of PERF 15 (TLBP, GenBank accession
number U07870) [32]. PERF 15-p2 had the sequence 5'-
CATCTTTGGATCTGGATCATTGACCC-3', correspond-
ing to nucleotides 287–312. Complementary DNA was
synthesized from total RNA of rat testes with a cDNA kit
(Takara Biomedical, Shiga, Japan), and the DNA fragments
were amplified in a 150 µl reaction mixture with a DNA
thermal cycler (Astec Co., Fukuoka, Japan) using Taq DNA
polymerase in 30 cycles of 30 sec denaturation at 94°C,
1 min annealing at 60°C and 1 min synthesis at 72°C. The
purified PCR product was subcloned into the EcoRV site of
pBluescript KS(−). The nucleotide sequence was confirmed
using the Sanger dideoxynucleotide-chain termination
methods [29]. The same fragment for PERF 15 had been
used in the DNA array (B14i: Atlas Rat 1, 2, BD Biosciences
Clontech, Palo Alto, CA, USA) and its probe specificity
had already been confirmed by the manufacturer.
The resultant plasmid DNA was linearized with EcoR I
or Hind III. DIG-labeled riboprobes for PERF 15 mRNA
were synthesized with an in vitro transcription kit in the
presence of T7 or T3 RNA polymerase according to the
instructions provided by the manufacturer (Roche Diagnos-
tics Co., Mannheim, Germany). After DNase treatment, the
product was ethanol-precipitated and the pellet was resus-
pended in the hybridization mixture. This probe was used for
both Northern blotting and in situ hybridization.
Northern blot analysis
Messenger RNA was purified from total RNA of rat
testes with an Oligotex-dT30 Super mRNA purification kit
(Takara Bio, Shiga, Japan). Ten µg of poly (A)+ RNA was
separated by electrophoresis in a 1.5% agarose/formalde-
hyde gel [28]. The RNA was transferred to Hybond-N+
(Amersham Biosciences, Piscataway, NJ, USA) and fixed to
the filters by baking at 120°C for 15 min. Hybridization was
performed at 65°C for 16 hr using DIG-labeled cRNA
probes in DIG Easy Hyb solution (1603558, Roche Diag-
nostics Co., Mannheim, Germany). Low stringency washes
were followed by a final high-stringency wash in 0.2×SSC
(1×SSC=0.15 M NaCl, 0.015 M sodium citrate), 0.1%
sodium dodecyl sulfate at 65°C for 30 min. The membrane
was treated with RNase and then reacted with an alkaline
phosphatase (AP)-conjugated anti-DIG antibody. AP activ-
ity was detected using a chemical luminescence method,
CDP-Star (Roche Diagnostics Co., Mannheim, Germany).
Hybridization
Sections were dewaxed with toluene and ethanol, then
sequentially treated with 0.2 N HCl, 1 µg/ml proteinase K in
2 mM of CaCl2 and 20 mM of Tris-HCl buffer (pH 7.5), 2
mg/ml glycine in Dulbecco’s phosphate buffered saline and
acetylated with 0.25% acetic anhydride in 0.1 M triethanola-
mine (pH 8.0) to prevent nonspecific binding of the probes.
The slides were washed with 2×SSC and then prehybridized
in a solution containing 50% formamide and 2×SSC at 50°C
for more than 1 hr. Hybridization was performed on slides
using 20 µl of a hybridization mixture containing 50%
formamide, 2×SSC, 1 mg/ml tRNA, 0.5 mg/ml sonicated
salmon sperm DNA, 2 mg/ml bovine serum albumin, 10%
dextran sulfate and the riboprobe (about 2 µg/ml) at 50°C for
16 hr in a moist chamber. The slides were then rinsed three
times with 2×SSC and 50% formamide at 50°C for 20 min
each and treated with RNase solution.
After further rinsing of the slides with 0.1×SSC, the
detection of signals was performed with two protocols.
In the first protocol, an AP-conjugated anti-DIG antibody
(1:2500) was placed on the sections at room temperature for
2 hr. After rinsing the slides, the enzyme-catalyzed color
reaction was continued overnight with 5-bromo-4-chloro-3-
indolyl phosphate and nitroblue tetrazolium salt according to
the instructions provided with the kit. The sections were
stained with methyl green and observed with a light micro-
scope. In the second protocol, a peroxidase-conjugated anti-
DIG antibody (1:1500) was placed on the sections at 4°C
overnight. Peroxidase activity was detected using a Tyra-
mide Signal Amplification Kit (TSA DIRECT; NEN Life
Science Products-Perkin Elmer, Boston, MA) according toQuantification of PERF 15 mRNA in Rat Testes 185
the instructions provided with the kit. In brief, a fluoro-
phore-labeled tyramide amplication reagent (TSA-fluores-
cein) was added at room temperature for 15 min in a dark
room, rinsed and mounted with Slowfade anti-fade reagent
(Invitrogen, Carlsbad, CA) [38]. The slides were observed
with a Zeiss Confocal Laser Scanning Microscope
(LSM510).
Classification of spermatogenesis
When the stage classification of spermatogenesis in rat
testes was investigated, the serial sections were stained with
periodic acid Schiff-hematoxylin [8, 27].
Quantification of signals
In the first protocol, the stained sections were observed
under an Axioplan Zeiss microscope using a Plan-Neofluar
20× lens. Stages of more than 230 tubules were identified in
the section, of which five to six tubules per stage were ana-
lyzed by the first protocol. Photos obtained with an Axio-
Cam CCD camera were saved in tagged-image file format
(TIFF) at a size of 1300×1030 pixels (~3.8 MB). We saved
pictures that included more than four tubules, in which
tubules of stage XII–XIII were present, because diplotene
spermatocytes always showed strong signals. Images were
separated into five tones from dark to light with posteriza-
tion tools from Adobe Photoshop 5.0 (Adobe Systems;
Tucson, AZ). These five tones are expressed as numerals
from grade 5 (strongest) to grade 1 (zero intensity): grade 5
black, grade 4 dark grey, grade 3 grey, grade 2 light grey,
and grade 1 white. The value in each cell population was
obtained and the mean value was expressed in 0.5 intervals
as eight gradient densities, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 from
white to black (Fig. 4). In the second protocol, the stained
sections were observed under an LSM510 using a Plan-
Neofluar 40×/0.75 lens. Among the tubules investigated in
the first protocol, two to three tubules of Stage V, VI, VII,
IX, X and XII–XIII on serial sections were selected, and the
signal intensity of more than eight spots in the cytoplasm of
each spermatogenic cell (primary and secondary spermato-
cytes and spermatids) was measured by software for the
LSM510 (LSM 5 Image Browser). A histogram of the inten-
sity was obtained from the regions of interest in the cyto-
plasm, defined by the closed drawing elements and extracted,
then converted to tables and transferred to an Excel spread-
sheet. The signal intensity was obtained by calculating and
expressing it as the mean pixel intensity (0–255) and sub-
tracting the value of the background. The detector gain was
sufficiently decreased so that there was only a small amount
of pixels showing maximal intensity.
Statistical analysis
The intensities of the signals in the spermatogenic cells
were analyzed by the statistical test described below to com-
pare them with the value of the background and the values of
spermatogenic cells at different stages. One way ANOVA
was used to examine whether there were any statistical dif-
ferences among the groups, and then Tukey’s HSD multiple
comparisons were used to find which pairs of groups were
different. Values of P<0.05 were considered significant.
III. Results
The specificity of the probe for PERF 15 mRNA was
confirmed by Northern blot analysis. When the poly (A)+
RNA from the adult rat testes was hybridized with the probe,
a single band corresponding to 0.8 kb was detected (Fig. 1).
This result was consistent with a previous report [26]. There-
fore, we used this specific probe to localize and quantify
PERF 15 mRNA in the ISH study.
Positive signals showing localization of PERF 15
mRNA were detectable in all of the seminiferous tubules
when the rat testes were hybridized with an antisense probe
(Fig. 2B). A brownish color indicated the gene expression of
PERF 15 mRNA. Specific signals were not observed when
the rat testes were hybridized with a sense probe (Fig. 2A).
To quantify RNA signals, we ascertained that the
signals were distributed evenly among the seminiferous
tubules. Four tubules of stages II–III, two of stage V, nine of
VII–VIII, two of X–XI, six of stages XII–XIII and five of
stage XIV were observed (Fig. 2B). In these tubules, steps
2–3 spermatids in stage II–III, step 5 spermatids in stage V,
steps 7–8 spermatids in stage VII–VIII, pachytene spermato-
cytes in stages X–XI, and pachytene or diplotene spermato-
cytes in stages XII–XIII showed equal levels of PERF 15
mRNA expression. In the five tubules of stage XIV, sper-
matogenic cells showed various levels of PERF 15 mRNA
expression according to their phase of mitotic division.
Figures 3A and 3E show high magnification views of
Fig. 1. Northern blot analysis to confirm the probe specificity.
When the 10 µg of poly (A)+ RNA from the adult rat testes was
hybridized with the PERF 15 cRNA probe, a band of 0.8 kb was
detected (lane 2). No other band was detected in the rat testes. DIG-
prelabeled markers as a size control (lane 1).Kogami et al. 186
the seminiferous tubules hybridized with antisense probes
for PERF 15 mRNA. Using a serial section stained with
PAS-hematoxylin (Figs. 3D and 3H), the stages in Figures
3A and 3E were identified as II–III, IV, V and XIV in Fig.
3D and II–III, VIII, X, XII–III and XIV in Fig. 3H.
The expression of PERF 15 mRNA in early pachytene
spermatocytes of stages II–III, IV and V (Fig. 3A, arrow-
heads) was low, but became evident in mid pachytene sper-
matocytes of stage VIII (Fig. 3E, arrowhead) and marked in
late pachytene spermatocytes of stage X and late pachytene
and diplotene spermatocytes of stages XII–XIII and XIV
(Fig. 3E, arrows). The expression of PERF 15 mRNA was
low in the cells exhibiting mitotic division (Figs. 3A and 3E,
asterisk). After meiotic division, round spermatids (steps 2–
3, 4, 5 and 8 in Figs. 3A and 3E) maintained high levels of
PERF 15 mRNA expression; however, elongated spermatids
(steps 10, 10–12, 14, 16 and 17) decreased their expression
as differentiation progressed. Images were separated into
five tones from dark to light (Figs. 3B and 3F) and expressed
as numerals from grade 5 to grade 1, as described in Materi-
als and Methods. The mean value of each cell population
was obtained from five or six tubules and expressed as eight
gradient densities, as summarized in Figure 4. The amount
of PERF 15 mRNA hybridized with the probe was greatest
in the late pachytene and diplotene spermatocytes (grade 4–
4.5, dark grey to black), followed by early spermatids and
mid pachytene spermatocytes (grade 3–3.5, grey), then early
pachytene spermatocytes and late spermatids (grade 2.5–1,
light grey to white). The amounts reached low levels in the
metaphase, anaphase and telophase of meiotic division, and
Fig. 2. Detection of PERF 15 mRNA with sense (A) and antisense (B) DIG-labeled probes in rat seminiferous tubules. Roman numerals repre-
sent the stages of each seminiferous tubule. Bars=200 µm (A), 100 µm (B).Quantification of PERF 15 mRNA in Rat Testes 187
then increased during spermiogenesis.
Figures 3C and 3G show high magnification images of
seminiferous tubules hybridized with antisense probes for
PERF 15 mRNA and detected with peroxidase-conjugated
anti-DIG antibody and a Tyramide Signal Amplification Kit.
Figures 3A, 3D and 3C, Figures 3E, 3H and 3G are serial
sections (Figs. 3A and 3C, and Figs. 3E and 3G sandwiched
Fig. 3D and Fig. 3H, respectively). The PERF 15 mRNA
expression pattern in seminiferous tubules detected by the
AP-conjugated anti-DIG antibody (Figs. 3A and 3E) was
consistent with that detected by the peroxidase-conjugated
anti-DIG antibody and a Tyramide Signal Amplification Kit
(Figs. 3C and 3G). The signal intensity in the cytoplasm of
each spermatogenic cell (primary and secondary spermato-
cytes and spermatids) was measured as described in Materi-
als and Methods, and the results are summarized in Figure 5.
The signal intensities for PERF 15 mRNA in primary sper-
matocytes and diplotene spermatocytes of stages IX, X
and XII–XIII and steps 5–7 spermatids were significantly
higher than those of pachytene spermatocytes of stages V
and VII, spermatocytes at metaphase (Me in Fig. 5) and
late spermatids (steps 9 and later). However, the results
obtained using the second protocol were not completely
identical to the results obtained using the first protocol.
Although pachytene spermatocytes in stage X expressed
stronger signals than spermatocytes in stage IX or steps 5
and 7 spermatids with the first protocol, there were no sig-
nificant differences between the signal intensity of stage X
spermatocytes (141.0±7.8) and those of stage IX sper-
matocytes (142.0±6.4), step 5 spermatids (139.4±12.1)
and step 7 spermatids (133.9±12.9). Intense signals were
observed from mid pachytene spermatocytes to round sper-
matids during spermatogenesis.
IV. Discussion
Quantification of ISH signals
We used rat testes for basic research to quantify ISH
signals because spermatogenic cells in this organ undergo
synchronized development and show stage-specific gene
expression, allowing the differences in signal intensities
among spermatogenic cell groups to be clearly demonstrated
[14]. In that experimental model, we selected a well-pre-
served segment of rRNA [39] as the hybridizable RNA in
paraffin sections and concluded that ISH rRNA staining and
the posterization of the signal intensity were useful parame-
ters for the quantitative analysis of mRNA; in other words,
for the detection of the total transcriptional activity in the tis-
sue sections. In the present study, we applied this method to
the quantification of the transcripts and selected PERF 15
mRNA as the hybridizable RNA because PERF 15 is a novel
protein that is expressed specifically in the testes and its
physiological function was still unclear. We also used fluo-
rescent signals to quantify the transcripts. Almost the same
results were obtained with the two strategies: the posteriza-
tion of staining intensity (Fig. 4) and quantification of
fluorescent signals (Fig. 5). These results support pre-
vious data by Oko and Morales [24], in which they stated
that the expression of PERF 15 mRNA was apparent in
pachytene spermatocytes in stages III and VI, moderate in
primary spermatocytes in stages IX and XII, and intense in
steps 3 and 6 spermatids, while it was not observed in step
18 spermatids, spermatogonia or leptotene spermatocytes,
although the signals using 3H-labeled probes did not distin-
guish among spermatogenic cell groups as did those using
DIG-labeled probes.
Localization and function of PERF 15
The localization and quantity pattern of transcripts led
us to consider the importance of PERF 15 in the later stage
of meiosis and the early stage of spermiogenesis. The
peak of PERF 15 mRNA expression was observed in late
pachytene to diplotene spermatocytes at stages XII–XIV just
before meiotic division occurred, and was high in round
spermatids; this may affect the spontaneous apoptotic pro-
cess that mostly occurred at stage XIV in physiological
spermatogenesis [11] or affect the meiotic process itself.
PERF 15 was originally found in the perinuclear theca
of the sperm head [3, 22, 25]. The perinuclear theca is the
area that covers the entire nucleus, except for the perifossal
zone, and is divided into two distinct parts: the perfo-
ratorium, which underlies the acrosomic system, and the
basally-located postacrosomal dense lamina. The PERF 15
protein belongs to the components of low-molecular-weight
polypeptides and is localized in the thicker apical portion of
the perforatorium and the inner zone of the ventral spur.
The perforatorium contributes to the shape of the head of
the spermatozoon and to the perinuclear theca; both the
acrosomic system and cell membrane are tightly bound,
keeping the head structure compact, and are considered
to be a rigid cytoskeletal structure [3, 22, 24, 25]. PERF 15
is a member of the cellular lipophilic transport protein
superfamily that includes adipocyte lipid-binding protein
(ALBP), cellular retinoic acid-binding protein (CRABP) or
myelin P2. ALBP has been implicated in the uptake and
transport of lipids in adipose tissue [37], so PERF 15 may
serve similar functions in developing spermatozoa [32].
Recently, Kido and Namiki [12] found strongly PERF
15-positive germ cells at specific stages using immuno-
histochemistry and showed that TUNEL-positive cells were
often high PERF 15 expressers. They reported that exposure
to methoxyacetic acid (MAA), known to induce apoptosis in
spermatocytes, increased the number of strongly PERF 15-
positive cells in 25-day-old rat testes, and suggested that the
expression of PERF 15 is related to testicular germ cell
apoptosis. In transgenic mice that strongly overexpressed
PERF 15, programmed cell death occurred at the elongated
spermatid stage [13].
In mammalian testes, germ cell apoptosis occurs nor-
mally and continuously throughout spermatogenesis [1, 11]
and works to reduce the number of germ cells and match the
supportive capacity of Sertoli cells. We reported that ROS
and mitochondrial pathways were involved in the mecha-
nism of tadpole tail disappearance, a typical type of pro-Kogami et al. 188
grammed cell death [6, 7, 10] and di (2-ethylhexyl) phthalate
(DEHP)-induced apoptosis in rat testes [9]. The involvement
of ROS and a mitochondrial pathway was also reported dur-
ing estrogen-induced apoptosis in rat testes [19]. The role of
PERF 15 in the apoptotic process is not clear, but ROS may
be involved, because the testes are rich in lipids. PERF 15
also has a dual function, as Ursini et al. reported in the case
of phospholipid hydroperoxide glutathione peroxidase [36].
To clarify the important role of PERF 15 and the involve-
ment of mitochondria or ROS, further analysis of the drug-
induced apoptotic process in the testes is necessary [4, 9,
12].
For further quantification of signals
The measurement of the fluorescent intensity in the
present study overcomes several weak points of other efforts
to quantify ISH signals. In a previous paper, we described
several problems that had been overcome in the quantifica-
tion of mRNA in tissue sections [14]. These problems were
1) whether or not there was linearity between the probe con-
centration and the ISH signals, 2) whether or not the number
of probe molecules per unit area or per cell cross-section
accurately reflected the cellular mRNA content [17], 3) that
there were differences in the accessibility of the probes to
mRNA among the mRNAs, 4) that the variance in the degree
of fixation reflected the degree of accessibility of probes
Fig. 3. High magnification of seminiferous tubules showing early stages (A–D, stages XIV, II–III, IV, V) and mid-late stages (E–H, stages VIII,
X, XII–XIII, XIV). PERF 15 mRNA in tubules was detected by the anti-DIG-AP system (A and E) and by the anti-DIG-HRP system (C and G).
Images detected in A and E were separated into five tones from dark to light in B and F. D and H show PAS-hematoxylin stain. Roman numer-
als represent the stages of each seminiferous tubule. Bar=100 µm.Quantification of PERF 15 mRNA in Rat Testes 189
among different tissue sections [5], and 5) that proteolytic
permeabilization depended on the degree of fixation and was
critical [16, 33], while different cell types often had different
optima for permeabilization. Moreover, enzymatic labeling
often resulted in the heterogeneous labeling of probe mole-
cules. The ‘specific activity’ of such probes represented the
mean of a wide range of differently labeled probe molecules
[16]. The most important problem was that the exact mea-
surement of changes in cell volume, the volume of the struc-
ture, or the number of labeled cells was necessary to assess
the exact change in the gene expression of a given tissue
[18]. The use of confocal laser scanning microscopy may
help to solve these problems because it allows us to deter-
mine each cell’s volume and the cell number, as well as the
accessibility of the probes at Z-axis depth with this type of
microscopy. Previously, Tsukasaki et al. performed image
analysis of the signals detected by DIG-labeled probes and
applied the semi-quantification method to the clinical sam-
ples [35]. They expressed the amount of the transcript as
the ratio to rRNA in the serial section. The present study
introduces a fluorochrome-detection system to express the
numerical values of the signals, and we showed that similar
results were obtained between our method and the posteriza-
tion one. Tsukasaki et al. spotted DIG-labeled probes for
rRNA, from 10−12 g/µl to 10−8 g/µl, onto nylon membranes
and detected these spots immunohistochemically [35]. By
contrast, we made glass slides on which a tissue section and
rows of oligonucleotide spots were placed to determine the
concentration of mRNA in a tissue section. These spots, 110
µm in diameter, consisted of 1 nl of sense and antisense
Fig. 3E–HKogami et al. 190
Fig. 4. Quantitative analysis of PERF 15 mRNA detected in the rat seminiferous tubules. The vertical columns numbered with Roman numerals
show cell association in cross-sectioned tubules (stages). The developmental progression of a cell is followed horizontally from left to right, and
continues from the left of the cycle map one row up. Pl (preleptotene), L (leptotene), Z (zygotene), P (pachytene) and D (diplotene) show the
subdivision of the prophase of the first meiotic division. Arabic numerals represent steps of spermatid differentiation. Spermatogonia are not
indicated in the cycle map. m2°m, secondary spermatocytes. Original cyclic map from Russell et al. (1990), with permission.
Fig. 5. Quantification of signals. The signal intensity in the cytoplasm of each spermatogenic cell (primary and secondary spermatocytes and
spermatids) was measured by LSM 510 software. A histogram of the intensity was obtained from the regions of interest in the cytoplasm,
defined by the closed drawing elements and extracted, then converted to tables and transferred to an Excel spreadsheet. The signal intensity was
calculated and expressed as the mean pixel intensity (0–255). a: significantly different compared with b, c, d and e (p<0.05). b: significantly dif-
ferent compared with a, d and e (p<0.05). c: significantly different compared with a and e (p<0.05).Quantification of PERF 15 mRNA in Rat Testes 191
rRNA sequences, from 0–1×10−6 M to 500 M. We attempted
to compare the signal intensity in the tissue section with the
signal intensity in the spots containing known concentra-
tions of the given rRNA. The present study may help to
establish this method.
In conclusion, we localized and quantified PERF 15
mRNA at the cellular level in the testes. In view of the
present results, we suggest that PERF 15 works from the
meiotic process to sperm head formation and during apop-
totic events in the testes. The quantification of ISH signals
may become a powerful tool to define the unknown function
of molecules in the postgenomic period.
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